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SHORT REPORT
Cigarette smoking and risk of glioma: A prospective cohort study
Stephanie A. Navarro Silvera1*, Anthony B. Miller2 and Thomas E. Rohan1
1
Department of Epidemiology and Population Health, Albert Einstein College of Medicine, Bronx, NY, USA
2
Department of Public Health Sciences, University of Toronto, Toronto, Canada
The etiology of glioma, the most commonly diagnosed malignant
brain tumor among adults in the United States, is poorly understood. N-nitroso compounds are known carcinogens, which are
found in cigarette smoke and can induce gliomas in rats. On this
basis, it has been hypothesized that cigarette smoking may be
associated with an increased risk of glioma. We investigated the
association between cigarette smoking and glioma risk in the
National Breast Screening Study, which included 89,835 Canadian
women aged 40–59 years at recruitment between 1980 and 1985.
Linkages to national cancer and mortality databases yielded data
on cancer incidence and deaths from all causes, respectively, with
follow-up ending between 1998 and 2000. Cox proportional hazard models were used to estimate hazard ratios (HRs) and 95%
conﬁdence intervals (CIs) for the association between cigarette
smoking and risk of glioma. During a mean of 16.4 years of follow-up, we observed 120 incident glioma cases. Among ever smokers, women who reported having quit smoking had a 51% increase
in risk of glioma compared with never smokers (HR 5 1.51, 95%
CI 5 0.97–2.34), while current smokers did not appear to have an
increase in risk. When the association with former smokers was
further examined by years since quitting, women who had quit
smoking >10 years before baseline were at a decreased risk of
glioma compared with women who had quit within the 10 years
prior to baseline (HR 5 0.55, 95% CI 5 0.29–1.07), indicating that
the association between former smokers and glioma may be driven
by women, who recently quit smoking. Compared with nonsmokers, duration of cigarette smoking, number of cigarettes
smoked per day and pack-years of smoking were associated with
increased glioma risk, although the increases in risk were relatively modest. The present study provides some support for a positive association between cigarette smoking and risk of glioma.
' 2005 Wiley-Liss, Inc.
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Gliomas, which arise from neuroepithelial cells, are one of the
2 main histopathological types of brain tumor.1 The etiology of
glioma, the most commonly diagnosed malignant brain tumor
among adults in the United States,1,2 is not well understood.
Indeed, there are few well-established risk factors for glioma
beyond ionizing radiation,1,3 male gender,1 and possibly reproductive and menstrual factors.4 In addition, it has been hypothesized
that cigarette smoking may be involved in the etiology of glioma,5
based on evidence that N-nitroso compounds, such as those found
in cigarette smoke, have been shown to induce glioma in rats
when administered intravenously.6,7
The epidemiologic literature regarding cigarette smoking and
brain cancer risk is based primarily on case-control studies, all of
which have found no association with ever smoking.8–21 A recent
cohort study by Eﬁrd et al.,22 however, observed an increased risk
of glioma in those who reported smoking greater than 2 packs of
cigarettes per day. Given the limited data from prospective studies, we examined the association between smoking history and
glioma risk in a cohort of Canadian women.
Material and methods
Study population
The design of our study has been described in detail elsewhere.23 Brieﬂy, 89,835 women, aged 40–59 years, were recruited
into the Canadian National Breast Screening Study between 1980
and 1985 from the general Canadian population by various means,
Publication of the International Union Against Cancer

including personal invitation by letter, group mailings to employees of large institutions and to members of professional associations, advertisements in newspapers and public service announcements on radio and television.24
Questionnaires
At recruitment into the cohort, participants completed selfadministered questionnaires that sought information on demographic characteristics and lifestyle factors. Information on smoking history was obtained from participants by asking them whether
or not they had ever smoked; those who reported ever smoking
were then asked to provide information on how many cigarettes
they smoked per day, how many years they had smoked, and for
former smokers, the year that they had ceased smoking.
Ascertainment of incident glioma cases and deaths
from all causes
Incident cases of glioma (ICD-M codes 9380/3-9473/3 and
9490/0-9506/0) and deaths from all causes were ascertained
respectively by means of computerized record linkages to the
Canadian Cancer Database and to the National Mortality Database, both of which are maintained by Statistics Canada. The linkages to the databases yielded data on cancer incidence and allcause mortality to December 31, 2000 for women in Ontario,
December 31, 1998 for women in Quebec and December 31, 1999
for women in other provinces.
Statistical analysis
Of the 89,835 women recruited into the study, we excluded
women with prevalent glioma at baseline (n 5 5) and women for
whom complete information on smoking history was not available
(n 5 121), leaving 89,709 women available for analysis, amongst
whom 117 incident cases of glioma were observed. Participants
with other prevalent cancers (n 5 211) at baseline were not
excluded from the analyses, because the results of analyses with
and without such subjects were essentially the same.
For the analyses, study participants were considered to be at risk
from their date of enrolment until the date of diagnosis of glioma
(the outcome of interest), the termination of follow-up (the date to
which cancer incidence data were available for women in the corresponding province) or death, whichever occurred earliest. Cox
proportional hazards models (using age as the time scale) were
used to estimate hazard ratios (HR) and 95% conﬁdence intervals
(CI) for the association between smoking history variables and
glioma risk. Using the information on smoking history reported by
the participants, we calculated age at the commencement of smoking for current smokers, by subtracting the number of years they
reported smoking from their age at baseline, and for former smokers, by subtracting the number of years they reported smoking
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CIGARETTE SMOKING AND RISK OF GLIOMA
TABLE I – BASELINE CHARACTERISTICS OF THE STUDY POPULATION BY OUTCOME

Mean age (years)
Mean education (years)
Mean body mass index (kg/m2)
Parity (% parous)
Mean age at ﬁrst live birth (years)
Mean age at menarche (years)
Menopausal status (% postmenopausal)
Smoking history (% ever)
Mean age started smoking2
Mean number of years smoked
Mean number of cigarettes smoked per day
Mean number of pack–years

Cases of incident
glioma (n 5 117)

Noncases
(n 5 88,592)

50.4 (5.5)1
12.1 (2.9)
25.4 (4.3)
87.5
24.6 (5.0)
13.3 (3.0)
56.2
49.7
23.1 (8.6)
21.5 (11.3)
18.2 (12.7)
22.4 (21.1)

48.5 (5.6)
12.6 (3.1)
25.1 (4.7)
85.6
24.2 (4.7)
12.8 (2.2)
43.2
48.9
22.7 (7.5)
19.0 (10.4)
16.7 (11.2)
18.3 (16.6)

1
Values in parentheses indicate SDs.–2Results for smoking duration, intensity, pack–years and age
started smoking are among ever smokers only.

from the age at which they stopped smoking. Cut points for smoking variables were determined a priori based on their distribution
among smokers. All models included terms for study center and
randomization group (intervention or control). In keeping with the
literature,10,20,22 multivariate analyses included additional adjustment for level of education (<high school, >high school) and
body mass index (BMI). Multivariate models also included adjustment for reproductive factors (parity, age at ﬁrst live birth, age at
menarche and menopausal status), based on the evidence that
these variables may be associated with glioma risk.4,25,26 The cut
points for all covariates were determined a priori. The cut points
for BMI correspond to the National Institutes of Health guidelines,
which classify BMI as normal weight (<25 kg/m2), overweight
(25–<30 kg/m2) or obese (>30 kg/m2). The cut points for all other
covariates were based on the distribution of each of the variables
at baseline. To test for trends in risk with increasing levels of the
exposures of interest, we assigned the category median, and then,
ﬁtted the assigned value of each risk factor as a continuous variable in the risk models. We then evaluated the statistical signiﬁcance of the corresponding coefﬁcient, using the Wald test.27 Use
of the lifetest procedure in SASTM showed that the proportional
hazards assumption was met in the ﬁtted models. All analyses
were performed using SAS version 9 (SAS Institute Cary, NC).
Results
The average duration of follow-up for cohort members was 16.5
years (1,462,004 person-years), and the mean (SD) age at diagnosis of the cases was 60.0 (7.1) years. Table I shows the distribution
of demographic characteristics of the study population (collected
at baseline), with case status at the end of follow-up. Cases tended
to be slightly older at baseline than did noncases. Also, compared
with noncases, cases were more likely to be parous, tended to have
an older age at menarche, were more likely to be postmenopausal
at baseline and reported slightly fewer years of cigarette smoking.
Table II shows that in adjusted models ever smoking was associated with a statistically nonsigniﬁcant 30% increase in risk of
glioma. In addition, former smokers were at increased risk of
glioma compared with never smokers (HR 5 1.51, 95% CI 5
0.97–2.34), while current smokers did not appear to be at
increased risk (HR 5 1.05, 95% CI 5 0.62–1.78). Upon categorizing former smokers by years since having quit smoking, we found
an inverse association between former smokers who quit >10
years prior to baseline compared with those who quit within the
10 years prior to baseline (HR 5 0.39, 95% CI 5 0.19–0.82) (data
not shown). Compared with never smokers, there was some suggestion of an increase in risk with increasing number of years
smoked (ptrend 5 0.06). Risk also increased with number of cigarettes smoked per day (ptrend 5 0.08) and pack-years of smoking
(ptrend 5 0.07). In addition, compared with never smokers, there
was a 67% increase in risk among smokers who started smoking
before the age of 20. When the tests for linear trend excluded the

TABLE II – MULTIVARIATE–ADJUSTED HAZARD RATIOS AND 95%
CIs FOR THE ASSOCIATION BETWEEN CIGARETTE SMOKING
AND RISK OF INCIDENT GLIOMA
Factor

Cases/person years

Never smoked
59/751,385
Ever smoked
58/710,619
Former smoker
38/392,746
Current smoker
20/317,874
Age started smoking (years)
<20
19/236,482
20–21
18/228,978
>21
21/245,159
ptrend
Number of years smoked
<10
17/228,081
11–20
16/233,722
>20
25/248,816
ptrend
Number of cigarettes/day
<10
14/171,808
11–19
24/191,917
>19
20/346,894
ptrend
Pack–years
<5
14/243,762
6–15
24/236,113
>15
20/230,744
ptrend

Multivariate1

1.00 (Reference)
1.30 (0.88–1.93)2
1.51 (0.97–2.34)
1.05 (0.62–1.78)
1.67 (1.03–2.72)
0.85 (0.48–1.53)
1.37 (0.71–2.65)
0.63
0.55 (0.20–1.53)
1.19 (0.63–2.26)
1.51 (0.97–2.34)
0.06
0.68 (0.31–1.50)
1.49 (0.86–2.61)
1.44 (0.90–2.31)
0.08
0.85 (0.46–1.58)
1.51 (0.83–2.75)
1.50 (0.92–2.44)
0.07

1
Multivariate adjusted for age (time to event variable), education
(<high school, >high school), body mass index (<25, 25–29, >30),
parity (parous vs. nulliparous), age at ﬁrst live birth (nulliparous, <20,
20–24, >24), age at menarche (<12, 13–14, >14), menopausal status,
study center and allocation group.–2Values in parentheses indicate
95% CIs.

reference category (never smokers), the trends were similar for
number of years smoked (ptrend 5 0.06), number of cigarettes
smoked per day (ptrend 5 0.10), pack-years of smoking (ptrend 5
0.14) and age started smoking (ptrend 5 0.24) (data not shown).
We also examined the associations after mutual adjustment for
the smoking variables. For example, given that women who
started smoking before age 20 had greater risk than those who
started smoking at later ages, we examined the association
between smoking duration and glioma risk after controlling for
when women started smoking, since women who started smoking
at younger ages were more likely to have smoked longer. Mutual
adjustment did not signiﬁcantly alter the association between
smoking duration or age of smoking commencement and risk of
glioma among smokers (data not shown). Mutual adjustment for
both smoking duration (number of years smoked) and smoking
intensity (cigarettes per day) among smokers attenuated the asso-
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ciation between each of these variables and glioma risks somewhat (data not shown).
We were unable to fully examine the association between
smoking history and glioma risk by histology (e.g., glioblastoma,
other astrocytoma and other glioma) given the small number of
cases of other astrocytoma (n 5 34) and other glioma (n 5 12).
For glioblastoma (n 5 71), there were statistically signiﬁcant positive associations with number of years smoked (HR for >20 years
vs. never smokers 5 2.66, 95% CI 5 1.10–6.40, ptrend 5 0.02),
number of cigarettes smoked per day (HR for >19 cigarettes/day
vs. never smokers 5 2.86, 95% CI 5 1.14–7.16, ptrend 5 0.07)
and pack-years of smoking (HR for >15 pack-years vs. never
smokers 5 2.52, 95% CI 5 1.03–6.20, ptrend 5 0.04) (data not
shown).
Discussion
In the prospective study reported here, we found that ever having
smoked cigarettes was associated with a modest increase in risk of
glioma. In addition, women who reported being former smokers
were at increased risk of glioma compared with never smokers,
while current smokers did not appear to be at an increased risk.
However, after categorizing former smokers by years since having
quit smoking, we found an inverse association between former
smokers who quit >10 years prior to baseline compared with those
who quit within the 10 years prior to baseline, indicating that the
association between former smokers and glioma may have been
driven by women who recently quit smoking. Other aspects of cigarette smoking, including greater smoking intensity and duration,
were also associated with modest increases in glioma risk.
The mechanism by which cigarette consumption might increase
risk of glioma is unknown. Experimentally, intravenous administration of N-nitroso compounds has been shown to induce glioma
formation in rats.6 While there is evidence that these compounds
can enter the brain during gestation (due to maternal cigarette
smoking),28 it is not known whether N-nitroso compounds from
cigarette smoke cross the blood-brain barrier in adults. However,
there is evidence that nicotine increases the permeability of the
blood-brain barrier in vivo,29 which may allow carcinogens, such
as nitrosamines, to reach brain tissue.

Our ﬁndings differ from those of most studies to date, which
have largely found no association between cigarette smoking and
risk of glioma.8–21 However, these were case-control studies,
which are susceptible to selection and recall bias. In the only other
prospective study to date, Eﬁrd et al.22 analyzed data from a prospective cohort in California (130 incident cases) and, similar to
our ﬁndings, they observed a 40% increase in risk for ever versus
never smokers (95% CI 5 1.0–2.1) and a 2-fold increase in risk of
glioma among study participants who reported smoking greater
than 2 packs per day compared with never smokers; the association between smoking and risk did not differ by type of cigarette
(e.g., ﬁltered versus unﬁltered, etc.), an aspect of smoking history
that we were not able to examine.
The main strength of this investigation is its prospective study
design, which eliminates the possibility of recall bias. As well, the
essentially complete follow-up of the cohort,30,31 based on linkage
to national cancer incidence and mortality databases, reduces the
likelihood that our results reﬂect bias due to differential followup. Although the number of incident cases of glioma in our study
population was relatively small, it is similar to that in the study of
Eﬁrd et al.,22 the only previous prospective study to date. Our
study is also limited, in which information on smoking was collected only at baseline, so that we were not able to take into
account changes in cigarette use over time. Given that smoking
rates are inversely associated with age,32 it is quite likely that
smoking habits would have changed over the course of follow-up,
possibly leading to misclassiﬁcation of exposure. However, such
misclassiﬁcation is quite likely to have been nondifferential,
resulting in some attenuation of the associations.
In conclusion, the results of our study provide support for a positive association between cigarette smoking and risk of glioma.
However, given that this is only the second prospective study to
date, additional studies are needed.
Acknowledgements
We thank Statistics Canada, the provincial and territorial Registrars of Vital Statistics, and the Cancer Registry directors for their
assistance in making the cancer incidence and mortality data available.

References
1.

Savitz D, Trichopoulos D. Brain cancer. In: Adami HO, Hunter D,
Trichopoulos D, eds. Textbook of cancer epidemiology. Oxford:
Oxford University Press, 2002. 486–503.
2. Jukich PJ, McCarthy BJ, Surawicz TS, Freels S, Davis FG. Trends in
the incidence of primary brain tumors in the United States, 1985–
1994. Neuro Oncol 2001;3:141–51.
3. El-Zein R, Minn AY, Wrensch M, Bondy ML. Epidemiology of brain
tumors. In: Levin VA, ed. Cancer in the nervous system. New York:
Oxford University Press, 2002. 252–66.
4. Navarro Silvera SA, Miller AB, Rohan TE. Hormonal and reproductive factors and risk of glioma: a prospective cohort study. Int J Cancer, in press.
5. Preston-Martin S, Yu MC, Henderson BE, Benton B. N-nitroso compounds and childhood brain tumors: a case-control study. Cancer Res
1982;42:5240–5.
6. Maekawa A, Mitsumori K. Spontaneous occurrence and chemical
induction of neurogenic tumors in rats—inﬂuence of host factors
and speciﬁcity of chemical structure. Crit Rev Toxicol 1990;20:287–
310.
7. Bogovski P, Bogovski S. Animal species in which N-nitroso compounds induce cancer. Int J Cancer 1981;27:471–4.
8. Boeing H, Schlehofer B, Blettner M, Wahrendorf J. Dietary carcinogens and the risk for glioma and meningioma in Germany. Int J Cancer 1993;53:561–5.
9. Ahlbom A, Navier IL, Norell S, Olin R, Spannare B. Nonoccupational
risk indicators for astrocytomas in adults. Am J Epidemiol 1986;124:
334–7.
10. Blowers L, Preston-Martin S, Mack WJ. Dietary and other lifestyle
factors of women with brain gliomas in Los Angeles County (California, USA). Cancer Causes Control 1997;8:5–12.
11. Brownson RC, Reif JS, Chang JC, Davis JR. An analysis of occupational risks for brain cancer. Am J Public Health 1990;80:169–72.

12. Choi NW, Schuman LM, Gullen WH. Epidemiology of primary central nervous system neoplasms. II. Case-control study. Am J Epidemiol 1970;91:467–85.
13. Preston-Martin S, Mack W, Henderson BE. Risk factors for glioma
and meningiomas in males in Los Angeles County. Cancer Res
1989;49:6137–43.
14. Hochberg F, Toniolo P, Cole P, Salcman M. Nonoccupational risk
indicators of glioblastoma in adults. J Neurooncol 1990;8:55–60.
15. Ryan P, Lee MW, North B, McMichael AJ. Risk factors for tumors of
the brain and meninges: results from the Adelaide Adult Brain Tumor
Study. Int J Cancer 1992;51:20–7.
16. Schlehofer B, Kunze S, Sachsenheimer W, Blettner M, Niehoff D,
Wahrendorf J. Occupational risk factors for brain tumors: results from
a population-based case-control study in Germany. Cancer Causes
Control 1990;1:209–15.
17. Mills PK, Preston-Martin S, Annegers JF, Beeson WL, Phillips RL,
Fraser GE. Risk factors for tumors of the brain and cranial meninges
in Seventh-Day Adventists. Neuroepidemiology 1989;8:266–75.
18. Musicco M, Filippini G, Bordo BM, Melotto A, Morello G, Berrino
F. Gliomas and occupational exposure to carcinogens: case-control
study. Am J Epidemiol 1982;116:782–90.
19. Zheng T, Cantor KP, Zhang Y, Chiu BCH, Lynch DF. Risk of brain
glioma not associated with cigarette smoking or use of other tobacco
products in Iowa. Cancer Epidemiol Biomarkers Prev 2001;10:413–
14.
20. Lee M, Wrensch M, Miike R. Diet dietary and tobacco risk factors for
adult onset gliomas in the San Francisco Bay Area (California, USA).
Cancer Causes Control 1997;8:13–24.
21. Hurley SF, McNeil JJ, Donnan GA, Forbes A, Salzberg M, Giles GG.
Tobacco smoking and alcohol consumption as risk factors for glioma:
a case-control study in Melbourne, Australia. J Epidemiol Community
Health 1996;50:442–6.

CIGARETTE SMOKING AND RISK OF GLIOMA

22. Eﬁrd JT, Friedman GD, Sidney S, Klatsky A, Habel LA, Udaltsova NV,
Van den Eeden S, Nelson LM. The risk for malignant primary adultonset glioma in a large, multiethnic, managed-care cohort: cigarette
smoking and other lifestyle behaviors. J Neurooncol 2004;68:57–69.
23. Terry PD, Miller AB, Jones JG, Rohan TE. Cigarette smoking and the
risk of invasive epithelial ovarian cancer in a prospective cohort
study. Eur J Cancer 2003;39:1157–64.
24. Miller AB, Baines CJ, To T, Wall C. Canadian National Breast
Screening Study. I. Breast cancer detection and death rates among
women aged 40–49 years. II. Breast cancer detection and death rates
among women aged 50–59 years. CMAJ 1992;147:1459–76,1477–88;
Erratum 148:718.
25. Cantor KP, Lynch DF, Johnson D. Reproductive factors and risk of
brain, colon, and other malignancies in Iowa (United States). Cancer
Causes Control 1993;4:505–11.
26. Lambe M, Coogan P, Baron J. Reproductive factors and the risk of
brain tumors: a population-based study in Sweden. Int J Cancer 1997;
72:389–93.

1851

27. Rothman KJ, Greenland S. Modern epidemiology, 2nd ed. Philadelphia: Lippincott-Raven, 1998.
28. Lantos PL. Development of nitrosourea-induced brain tumors—with a
special note on changes occurring during latency. Food Chem Toxicol
1986;24:121–7.
29. Hawkins BT, Egleton RD, Davis TP. Modulation of cerebral microvascular permeability by endothelial nicotinic acetylcholine receptors.
Am J Physiol Heart Circ Physiol 2005;289:H212–19.
30. Robles SC, Marrett LD, Clarke EA, Risch EA. An application of capture–recapture methods to the estimation of completeness of cancer
registration. J Clin Epidemiol 1988;41:495–501.
31. Shannon HS, Jamieson E, Walsh C, Julian JA, Fair ME, Buffet A.
Comparison of individual follow-up and computerized record linkage
using the Canadian Mortality Data Base. Can J Public Health 1989;
80:54–7.
32. Health Canada. Smoking in Canada: an overview. Available at www.
hc-sc.gc.ca/hl-vs/tobac-tabac/research-recherche/stat/ctums-esutc/fs-if/
2003/2003-smok-fum_e.html (accessed August 12, 2005).

